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ABSTRACT 

Following the presentation of a conceptual framework 
for computer-based education (CBE), this paper examines- the use of 
one aspect of CBE, computer-managed instruction (CMI), in a Ma^or 
Appliance Serving Program. The paper begins with definitions and a 
graphic illustration of CBE and its components and uses, i.e., CMI, 
tutorial or computer-assisted instruction, drill and practice, 
interactive instruction, instructional simulation, and inquiry. Next, 
a description is provided of Moraine Park Technical Institute's 
Appliance Servicing Program, a competency-based curriculum with 
multiple entry and exit points throughout the 45-week program, which 
offers a multiple-instructional approach for eajh module of 
instruction. Information is provided on methods of evaluating student 
progress toward meeting performance objectives and of evaluating the 
program. Next, the paper examines the uses of the microcomputer in 
keeping track of student progress, providing immediate feedback to 
students, grading and record keeping, inventory control and shop 
management, and testing. Finally, the paper describes the 
modifications made to the Radio Shack program, -Quxck Quxz," for 
creating exercises and tests for students in the program. 
Illustrations are presented throughout the paper to provide further 
information about the competency-based program and the use of 
microcomputers in the program's management information system. 
(LAL) 
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ComButarHlanaqad Instruction 

The purpose of this paper is to present a conceptual structure of 
Computer-Based Education (C.B.E.), and to investigate an application of 
one of the areas of C.B.E. as it is applied in a Major Appl-.ance 
Servicing Program. 

Catftputer-Based Education* A Conceptual Frameu^crk 

Computer-Based Education (C.B.E.) - Encompasses six major areas of 
computer instruction. The six major areas of computer-based 
education ares Computer-flanaged Instruction (CMI), Tutorial or 
Computer-Assisted Instructipnt and Inquiry. Each of those 
applications employs the ciSmPUter in a different role in the 
instructional process. 

ComPuterHlanaged Instruction (C.M.I.) - Relies on the record keeping 
and summarizing pammr of the computer to access, diagnose, 
prescribe, and monitor the learner's progress. 

XMtnrial qr Cftmp^t«r-Assisted instruction <C.A,I.) "/^f;;^**^^;;** 
the learner is approaching the material for the first time. New 
material is presented in an SKPOsitory form, followed ^a^f^' 
questions that the learners are expected to respond to, <2) an 
analysis of the learner's response, (3) appropriate feedback, and 
<4) the presentation of nmt material. 

nrWl and P^ftc^t^ce - assumes certain learned * ^'"'"^ 

to using the program. It may pretest these concepts prior to the 
presentation, but doss not present any new material. Drill and 
Practice, through a series of questions and responses, provides the 
learner uiith an opportunity to practice what has already been 
learned? usually to some predetermined level of performance. 

intgraetive Instruction - Subsumes the concepts of Tutorial and 
Drill and Practice. It presents the instructional material to the 
learner, accepts and judges responcses, provides the learner with 
feedback, and alters the flow of subsequent instructional material 
depending on the level and the responses of the learner. Interactive 
Instruction may also include a variety of other hardware and 
software of courseware such ass videotape or disc, schematic wiring 
diagrams, graphs or workbooks- 

Inatructional Simulation (C.I,S. ) - Causes the learner to aPPla, 
analyse, intsrgrate, and synthssize their oun Knowledge as they 
solve real life problems rha\; have been simulated anc stared m the 
computer's memory. 

Inquiry - Uses the ability cf the computer to serve as a resource 
and tool in aiding the person to solve a particular problem. 

The separate research and development projects in C.B.E. over the 
years can oe synthesized mro a single conceptual map which relates 



ERIC 



3 



' Instructional Techniques _ 

Management (CMI) Tutorial, Orm i Practice, Simulation & Inquiry . 

Interactive Instruction (CIS) 
(CAI) 



Instruc- Evaluatlon-Assessa^nt Stiimilate Recall 



tlonal Diagnose 
Functions Prescribe 

Learning Guidance 
Objectives 
Monitor 
Recognition 



Present 
Practice 
Feedback 

Provide & Enhance 
Explanation 
Retention & Transfer 



Apply 
Analyze 
Synthesize 
Integrate 



Stages 
of 

Learning 



ACQUIRE 



EMBED 



INTEGRATE 



Locus 
of 

Control 



COMPUTER 



LEARNER 



Figure 1. 



Conceptual map of Instructional functions 
and requirements of CBE techniques. 
<Ke1th Hall, 1982 - modified version 
Dave Sullvan, 1983) 



Each succeeding Instructional !:echn1que (moving up t^e hierarchy 
In Figure 1) requires (1) all of the learner knowledge, skills, 
and behaviors provided by the preceding stage, and (2) all of 
the currlcular products produced by the preceding stage. There- 
fore, It Is posited that the sequence for developing C.B.E. course^ 
ware should proceed from Computer-Managed' Instruction (C.M.I.) tu 
Instructional Simulation and Inquiry. 

(Keith Hall - Director of Computer-Based Education and 
Professor of Education at the Ohio State University, 
Columbus, Ohio.) 
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instruct ional function to the instructional tschniq as of C.B.E. 
<Fiflura l>. Each of tha instructional tachniquas amploys tha 
coaputar in a diffarant role in tha instructional process... These 
instructional techniques are arranged in an ascending hierarchy 
{from left to right in Figure 1) which reflects tha increasing 
complexity of both instructional tasks and learning tasks as tha 
learner moves throught the stages of learning... 

C-M.I. Rat..onale 

The Appliance Servicing program cf Moraine Park Technical Institute 
is a competency-based curriculum, which has multiple entry and exit 
points throughout tha 43-week program.. Students may enter or exit 
the Appliance Servicing Program every nine weeks. The curriculum has 
two levels, .evel one is tha -basics* (electricity refrigeration, 
schematics, gas controls, etc. > I l»vel two is equipment servicing 
courses. In the various equip«»nt servicing courses, sixteen major 
appliances are coveradi aut«»»atic washers, dryers, dishwashers, 
compactors, garbage disposals, microwave ovens, convection ovens, 
water heaters (gas and electric), electric ranges, gas ranges window 
air conditioners, window heat pumps, dehumidif iers, refrigerators, 
freexers, and ice makers. A student must complete the •basic' 
section, level one of the program, before enrolling m any of the 
equipment courses in levrl two. The student may, however, enroll for 
any of the equipment courses once • ne "basics" are completed. 

A multiple-instructional approach is available for each module of 
instruction. Studwits have textbook and handout reading assignments. 
They must answer the questions following each module in the "t"^®"* 
workbook. There are audio-visual presentationc for each module that 
students amy view in the appliance servicing learning lab. There may 
also be individualised assignment sheets for the students to 
complete. The student also attends lecture-discussions, 
oomonst rat ions, and completes lab assignments. 
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pgRFORHAWCE STEPSs 

1.0211 Pr«par« tht Air Conditioner for Conducting the Performance Check, 

1.0212 Take and Record a Wattage Reading on the Air Conditioner Using- 
a Uattaetffir. 

1.0213 Take and R&rd Dry Bulb Tomftrature Readli^ In the Condenser 
Air Snlet Strem. 

♦ 

1 0214 T«k» and Raeord Mrt and Ory Bulb SUng Piarehrometar Readings at 
the In1«t to Evaperatm' Air Streaa. 

mm 

1.0215 Take and Record Dry Bulb Temperature Reading of the Air Coming 
Out of the Evaporator Discharge Grille. 



1,0216 Calculate Olffarentlal Dry Bulb 



1 .0217 Usioga Perfbnaaiice f*^' *«*,^SiS[J^«* 
th« Perfofwaiwe Level of the Air Conditioner. 
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Th« •vauluatlon for oaeh noc^lo 1« « crlt«rlonTtr»f«ronc«d t»fit which 
My 50T»»i»t of • writton or a proactical ovaluatiow, or parhapa a 
combination of both, baaod on tha porformanca objactivaa. 

Each objoctivo is ic^tifiad by a nu»b«p which identifies tha 
program, couraa, unit of instruction, compatancy, task, anablin« 
objactivaa and raiatad information. Parformanco ataps ara also 
idantifiad and aa^uancod by this numbaring coda. A prograss and 
ivaluatuon raport koaps track of aach stuctent's progress in 
achiavaaant o- coBPatancia^ (Job duties), and tasks levels. Enabling 
SSjsS?!^ ««*y ^pSrformanca steps or related information. Enabling 
objactivaa are not charted or may not be apacif ically evaluated, 
hoaavar are guides in tha if. ^'•uctional process. 

Tha collaction and analysis of evaluation information is neceaaary 
to facilitate changas in # ccupational courses or programa. For 
axam^^lef data which sImws that atudenta are not performing to 
employer aicpectations may reault in a need to review competency 
information «hich, may in turn, lead to a revision in student 
performance objectives and inatructional methodology. 

Th< evaluation of the Appliance Servicing Program is accomplished 
bys student evaluation of the course, student follow-up survey, 
employer survey, cost analysis, results of student exams, job 
^.ceSlent. instructor' i self -evaluation of P^"*^;"" *"f 
advisory committee evaluation. A composite report of all evaluations 
is uirittan to provide data for program change and improvements. 

The microcuomputer becomes almoat a necessity to keep track of the 
prSgJeSToTstudents aa they progress at different levels throughout 
the appliance aarvicing program and provide the necessary management 
information for the system. 

A critical fractor in any learning aystem is feedback. Feedback, in 
order to be effe'-tive, ahould be immediate. Unfortunately, most 
teachera cannot correct each test within minutes of its completion, 
monitor every learning event, and provide thia ^^^^f *f .^^I * 
microcomputer can do this and more. The computer points out the 
error as soon aa it ia entered by the atudent. It can provide a 
review at the end of the lesson. The student i« ?i^!?.t!j;?r'**' 
of his or her performance. The average teacher finds it difficult, 
to say the leaat, trying to chart each atudant's progress 
open-entry/exit competency-based curriculum. However, this feedback 
ia necessary for proper management of the program. The microcomputer 
can also provide this much needed management of information. At am* 
tiHe during the year, the teacher or student should be able to view 
his/her achievements at any level. The computer can provide for 
printouts on individual tests or students, make the reporting of 
final gradea a considerably easier taak for the teacher, and provide 
the management information necessary to upgrade course objactives, 
tests, lab assignments, learning activltiea, and curriculum changes, 
the weakeat link in the instructional system of many 
competency-baaed programs is the management af information for tha 
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sy»t«m. Tha 9oal was to develop a management information system on a 
micrcomputer which will chart «nd record student progress in listed 
competencieSf record criterion referenced tests? diagnose, 
prescribe, provide learning guidance, monitor, and recognize studant 
achievement. 

Computer-lianaged Instruction 

The Computer-Managed Instruction (C.M.I.) described in this paper is 
part of a Management Information System <f1.I.S. ) developed by this 
author in a personal philosophy of vocational technical education, fh 
system for management of feedback information from follow-niP 
studies, program evaluationst and instructional activities is 
necessary to modify program objectives, instructional activities, 
update equipment, etc. The M. I.S. must be continuously providing the 
system with information on student success in instructional 
activities in order to be effective. 
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6>>adin<i & Piro«W Record K— Ping 

APPllanc* 3«rvltln« ha. m pro9ra« that umis modifiad from an original 
«S o Sh!ck%ro9ra« call.d -Taachar Aide-- Another p.ocram^as 
written and integrated «ith the program to provide fcr f 
^.c«^dine student progrees in liatod competencies ano record test 
acor^ ?roS^?erI^ referenced tests for the Appliance Servicing 
JrSgHm or^l^aine Park Technical Institute. The computer program 
provides the following information and processes* 

iTProvide. a file of students locatable b« a class name or 
ciurU nSiber «hich would contain the student's name, 
student I.D. nuabert and Social Security number. 
5! SlSori and>-oc«i.e. a file of test' results, grades 
should be Xocatable by student I.D. or class name or 

rS^lSS l^\lTtion or deletion of a atudent from 

rV^?Si I^'ih. deletion of an entire classes' test 
r;iwlts,V class liet of students, or chan^*. test results 
for an individual student. 

a Prints, a liet of students enrolled in a given class. 

6. Posts the test results by student Social Security numbers 

for a given test. . , 

7 Prints a statistics sheet for a given test and class. 

8. Views the progress of an indiviAjal student on the screen 
or prints a 'hard copy** 

9, Records and proawsee a file of tasks or competencies. 
1«: P^t^fa competency results sheet for an i"**^^^^"* 
which would show the tasks completed, the grade, and also 

!r?rS;Ic^%rr?n2-of task projects, allows the addition, 
delectipn, listing, or provides for a change in any or all 
of the projects in the master project file. ^ « 

?2. Kills and provides for initialization of any and all files 

of the system. 

InventorM Control and Sh op Management 

The entire parts inventory for Appliance Servicing which includes 
thi wts store, as wel as used parts salvaged form machines and 
!Ji«rstSc!I.r?; the lab, are listed in an inventory program 
designed for managenMint of parts. 

The shop management of the Appliance Servicing Program of Moraine 
JaJk rSJe^^Srti Closely as possible, the '•-°<=»f^»?*"^,r 
in an actual appliance business. Inventory control, although a 
i^dtSurjoS, is a necessity in any business. The ^^"^^f 
System (ICS) makes this Job easier and saves money in the process. 

This system assists in cycle counting, ordering parts, allows you to 
cuiJo^ SeJign your own parts, posts J*' 'i^'* 

SSu »mplete maintenance of files - add, delete, inquire/edxt and 
liSt bracks usuage, reortter points, and provides a suggested order 
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list by v«ndar« 



Another proflTMi, ProfiXa XII PXus, which is a psrsonslissd 

ownsd by th« school and thoss rspairsd as part of the students 
tratninS. SsPorts <:a-^ also b« gsnsratsd which list every appliance 
In JndrvidSiritJdm:1r ha. worked on during his/her ^3 »««Ks of 
faininfl, what the pr-sble* was, what work was accomplished, etc. 
This prograa is also being used to keep other records vital to the 
operation of the Appliance Servicing Program. Other programs also 
assist in the d»i-to-d«y operation. 

Testing on the Cmputer 

A eajor eodlf Ication of the Radio Shack program, -Quick Quix*, 
by Bruce Oelteer of Moraine Park Technical Institute, allows the 
nSstructor to creete eKsrcises and/or quizes/tests in any subject 
area. The modified menu-driven authoring wstem uses multiple 
choice, fill in the blank, true/false, or «»ftching <^o;:™*ts. It 
alloS editing and has students record keeping and reports 
capabilities. Questions are placed in a data bank and may be called 
^rall or part for presentaion to the student in either a random or 
in normal sequence pattern. Tests can be administered at the 

developed an orignal authoring system on the IWi p.c. 

The original Quick Quix program was modified to include the 
following changes. 

I. Passwords were provided to prevent student access to the 

author modes. . *w-. 

a) CJ^TE allows the author access to all aspects of the 
progrim. The shifted allows return to menu at 
almost any time. 

b) l«PEAT allows the author to chooss an exam to oe 
repeated as many times as desired. 

c) SINSLE allows the author to indicate that the exam 
should only be given one time and not repeated. 

d) DRXLUS all«*s the student to choose enams <drilia> 
from a MENU and he/she may return to the MENU to 
choose more drills whne finished. 



2. Questions may be EDITED DURINS the CREATE mode. 

3. NEW WESTI0N8 may be ADDED to the esiam DURINo the EDIT 



4. The author may create an up to 4a 

an up to two line Cl2a character) AUTHORED FEEDBACK 
response to an incorrect response. 

3. The author may CREATE an up to 20 •'^-^^i?" •Jfl-^fi^!; 
an UP to two line (120 character) AUTHORED FEEDBACK 



a) Each intorr«ct anaww* choice may hav« its own 
rws^M •Mplainlng why tha choice is not the best. 

b) Each ansttfer correctly chosen on the first try is 
provided with a simpXet randomly selected (from 
six) response such as CORRECT!. 

c) If the correct answer is chosen after the fxrst try 
the CORRECT! etc. is provided following by the 
AUTHORED FEEDBACK explaining why the answer is the 

best choice. ^ ^ 

d) If the correct answer is not chosen in a number of 
tr«s equal to the nueber of responsesf the correct 
answer is indicated followed by the explanation 
feedback. 

The author mmu determine how the test is to be 
presented. The author may indicate whether the test is 
to be delivered as a STRAIGHT %QUEN<£ exam OR RANDOM 
exam. 

a) The number of questions authored may be more than 
tre number offered on the student e^am. EXAMPLES The 
test may have 40 QU^TIONS in the SANK but only 20 
QU-STXOI^ SELECTED AT RANDOM on the student exam. 
The same querstion is not presented twice during the 
presentation of the random exam. A test may 
be changed form straight to random or vice versa 
during the edit mode. 

The student is provided with a LISTING of the data bank 
questic: numbers of the PWJBLEMS MISSED so that the exam 
results maw be discussed with the instructor an any 
time on a later date. 

An AUTHORED MENU is generated for listing of EXAMS 
presently being used. Tests are administered without 
having to type in filenames. This provides for the ease 
of use of the program for authored DRILL and PRACTICE, 

ttSHU of ALL FILES on diskette are provided for the 

purpose of EDXTINS, KILLXNS FILESt and PRINTOUT. Files 
. are selected through the simple input of a 1 or 2 
digit number without having to type in filenames. 

, Printouts are now properly formatted even if the AUTHOR 
uses the spacebar rather than the down arrow to go to 
the next line coring authoring of questions. 

. NOTE* Since the above items were first writtan, a new 
feature was added. The author m*ty now create a 
test of COMPLETION it wis with up to four acceptable 
answers per question. 

Additional programming note* The original edit commands 
{H) and (P) were retained* but the P ccmmand does not 

function when in the CREATE mode. . ^ ,, 
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